The present review describes recent research on the regulation by glutamate and Ca 2+ of the phosphorylation state of the intermediate filament protein of the astrocytic cytoskeleton, glial fibrillary acidic protein (GFAP), in immature hippocampal slices. The results of this research are discussed against a background of modern knowledge of the functional importance of astrocytes in the brain and of the structure and dynamic properties of intermediate filament proteins. Astrocytes are now recognized as partners with neurons in many aspects of brain function with important roles in neural plasticity. Site-specific phosphorylation of intermediate filament proteins, including GFAP, has been shown to regulate the dynamic equilibrium between the polymerized and depolymerized state of the filaments and to play a fundamental role in mitosis. Glutamate was found to increase the phosphorylation state of GFAP in hippocampal slices from rats in the post-natal age range of 12-16 days in a reaction that was dependent on external Ca 2+ . The lack of external Ca 2+ in the absence of glutamate also increased GFAP phosphorylation to the same extent. These effects of glutamate and Ca 2+ were absent in adult hippocampal slices, where the phosphorylation of GFAP was completely Ca 2+ -dependent. Studies using specific agonists of glutamate receptors showed that the glutamate response was mediated by a G protein-linked group II metabotropic glutamate receptor (mGluR). Since group II mGluRs do not act by liberating Ca 2+ from internal stores, it is proposed that activation of the receptor by glutamate inhibits Ca 2+ entry into the astrocytes and consequently down-regulates a Ca 2+ -dependent dephosphorylation cascade regulating the phosphorylation state of GFAP. The functional significance of these results may be related to the narrow developmental window when the glutamate response is present. In the rat brain this window corresponds to the period of massive synaptogenesis during which astrocytes are known to proliferate. Possibly, glutamate liberated from developing synapses during this period may signal an increase in the phosphorylation state of GFAP and a consequent increase in the number of mitotic astrocytes. 
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Introduction
The mammalian brain contains two main groups of cells: the neurons and the neuroglia. Until recently the neuroglia were considered to play only a minor role in brain function, serving merely as a physical framework of support for neurons (the so-called "nerve glue" of Virchow, see Ref. 1) . This concept has changed dramatically in the past decade: neuroglia are now recognized as partners with neurons in normal and abnormal brain function (2, 3) . The neuroglia belong to three main subdivisions: the oligodendrocytes, whose main function is to provide the myelin which insulates the neuronal axons; a morphologically and biochemically heterogeneous group known as the astrocytes, and the microglia which are the immune cells of the brain. Of these 3 groups the astrocytes are the most numerous and interact functionally with neurons. Astrocyte processes envelop synaptic structures forming "perineuronal nets" (4, 5) , while other processes make intimate contact with the blood capillaries through specialized structures known as "end feet". Thus, astrocytes provide a conduit for the transport of energy from the blood stream to the nerve terminals and recent work has demonstrated a tight coupling between synaptic activity and the uptake of glucose by the astrocytic "end feet" (6) . Interestingly, astrocytes first metabolize glucose to lactate before supplying it as energy to neurons. Further astrocytes modulate the transmission of synaptic signals by the uptake of K + and neurotransmitters (7) (8) (9) . Depending on cell type, developmental stage and brain area, glial cells, and especially astrocytes, express many receptors (10) (11) (12) (13) (14) (15) and ion channels (16, 17) found in neurons. These cells also secrete factors which regulate the growth of neurons (18) . Conversely, there is evidence that glutamate released from synapses regulates glial proliferation and differentiation (19) . Direct signalling from astrocytes to neurons via glutamate-mediated calcium waves has been described (20) (21) (22) (23) as also have acute effects of neuronal activity on the morphology of astrocytes (24) or of perisynaptic Schwann cells in the frog neuromuscular junction (25) .
Astrocytes are believed to play a fundamental role in the modelling of the nervous system during ontogeny (26, 27) . Experiencedependent plasticity of astrocytes has been studied in experimental approaches that embrace models involving modification of astrocyte structure and function such as darkrearing (28), hippocampal kindling (29, 30) , spreading depression (31, 32) , rearing in complex environments (33) , and long-term potentiation (34, 35) . Astrocytes also exhibit plastic changes in response to cerebral injury (36) , electroconvulsive seizures (37) and the administration of psychotropic drugs (38) . Moreover, transplants of astrocytes alleviate memory deficits induced by lesions in cholinergic pathways in the rat hippocampus (39) .
In this review we focus on factors regulating the phosphorylation state of glial fibrillary acidic protein (GFAP) in immature astrocytes. This cytoskeletal glial protein is expressed mainly in astrocytes and is a valuable marker for these cells since it is absent in neurons (40) . GFAP is a class III intermediate filament (IF) protein which exhibits dynamic properties similar to those of other members of this class of proteins. These dynamic properties of GFAP are modulated by phosphorylation and play a fundamental role in astrocytic plasticity. We will first discuss briefly the background to present knowledge of the structure and general dynamic properties of IF proteins.
Intermediate filament proteins -structure and dynamic properties
The structure of GFAP is schematically illustrated in Figure 1 . Like all class III IF proteins, GFAP consists of an α-helical rod domain flanked by a non-helical N-terminal head and a C-terminal tail. The central rod domain is highly invariant in its residues with at least 70% homology between class III IF proteins (41, 42) and consists of four tracts (1A, 1B, 2A and 2B) of repetitive heptads, where residues a and d generally have high hydropathy and form a hydrophobic line along the helical structure that allows a fit between two helical chains. There are three non-helical segments linking these tracts. All type III IF proteins possess a highly charged N-terminal segment which, in the case of GFAP, incorporates 5 phosphorylation sites. Between the N-terminal segment and the rod domain there is a well-conserved segment named H1. All IF proteins possess a well-conserved nonhelical C-terminal segment which is not charged in type III IF proteins. In porcine but not in rat GFAP this segment is phosphorylated at a single serine residue.
The assembly of IF proteins involves several steps (Figure 1) . First a dimer is formed between two parallel monomers; next antiparallel dimers interact through residues in their coiled-coil 1B segment forming a tetramer or protofilament, and then the protofilaments interact through residues in the coiled-coil 2B segments to form an octamer. These structures were identified in desmin filaments by chemical crosslinking (43) . In the case of GFAP, a study of the selfassembly of mutants of this protein showed that the sequence KLLEGEE in tract 2B as well as the entire head domain is essential (44) .
In in vitro experiments the assembly state of purified GFAP is influenced by the ionic strength and pH of the medium, the presence of Mg 2+ and Ca 2+ (45, 46) and especially (as discussed below) by the phoshorylation state of the protein (47) . Phosphorylation is also important in the intact cell, particularly in preparing the cytoskeleton for cell division. However, the exact mechanism of IF assembly/disassembly in vivo is unknown. Simple self-assembly is unlikely and it is probable that other factors are needed as well as regulatory phosphorylation. A chaperone-like activity modulating GFAP and vimentin assembly has been described (48) . Moreover, S100ß, a Ca 2+ -binding protein expressed in astrocytes, may be involved in glial filament formation (49) . Another interesting fact is that in immature or injured astrocytes GFAP can coassemble with vimentin, a process that is dependent on the KLLEGEE sequence mentioned above (44) .
Intermediate filaments, in contrast to microtubules and actin filaments, have no polarity, and it is not possible to identify a vectorial array of protofilaments. Filaments are assembled or incorporated into preformed filaments uniformly throughout the cytoplasm and an apparent polar or vectorial incorporation (from the perinuclear region to the cell periphery) may be the consequence of a nonuniform distribution of these filaments (50, 51) .
General and functional aspects of GFAP phosphorylation
It has been known for some years that IF proteins, including GFAP, undergo cyclic phosphorylation and dephosphorylation in intact cell preparations (52, 53) , but until recently information on the sites phosphorylated was lacking. These sites have now been described for porcine GFAP phosphorylated in vitro where six sites were identified by Japanese workers (47, 54) . Five of these sites are located in the N-terminal head domain (Thr7, Ser8, Ser13, Ser17, Ser34) and one in the tail domain (Ser389) where they are phosphorylated by cyclic AMP-dependent protein kinase (PKA), Ca 2+ /calmodulin-dependent kinase II (CaMK II), protein kinase C (PKC) and the cdc-2 kinase. The phosphorylation sites in rat GFAP are not known but the sequence homology between porcine and rat GFAP in the N-terminal domain (55) is sufficient to assume that the corresponding consensus sequences in rat GFAP are potential phosphorylation sites and targets for PKA, PKC, CaMK II and the cdc-2 kinase ( Figure  2 ). Less is known about the sites and kinases involved in GFAP phosphorylation in intact cell systems, but a start has been made. Japanese workers used monoclonal antibodies recognizing specific phosphorylation sites and immunofluorescence to demonstrate that one threonine and three serines in the head region of GFAP are phosphorylated in vivo at different stages of the cell cycle (56) (57) (58) . With regard to the kinases responsible for these in vivo phosphorylations, present evidence points to the direct or indirect participation of PKA, CaMK II, the cdc-2 kinase and an unknown kinase (CF kinase) (58) . In our laboratory we have used tryptic phosphopeptide mapping of 32 P-labelled GFAP extracted from incubated hippocampal slices in attempts to identify the kinases involved. Our results suggest that CaMK II and PKA are the main kinases involved, either directly or indirectly, in GFAP phosphorylation in this preparation (59 and Leal R, Gonçalves CA and Rodnight R, unpublished data). Phosphorylation of GFAP in primary astrocyte cultures by CaMK II has been reported (60).
As mentioned above, the phosphorylation of IF proteins is an important factor in regulating the dynamic equilibrium between polymerized and depolymerized GFAP. Phosphorylation of disassembled subunits inhibits their assembly into filaments (47, 61) , with subunit exchange in the case of GFAP being suppressed in proportion to the extent of phosphorylation (62) . Moreover, IF protein phosphorylation plays a crucial role in dividing cells, where evidence from cell cultures has shown that the disassembly of the cytoskeleton preceding mitosis in some cells is regulated by a site-specific increase in the phosphorylation state of vimentin and GFAP (57, (63) (64) (65) . In interphase cells changes in the phosphorylation state of IF proteins may have profound effects on the structure of the cytoskeleton, as shown by studies in which hyperphosphorylation of vimentin induced by protein phosphatase inhibitors (66, 67) or the antitumor drug fostriecin (68) was associated with intermediate filament reorganization.
Glutamate agonists and external Ca 2+ -lack increase the phosphorylation state of GFAP in immature slices from the rat hippocampus Our interest in this area arose from a chance observation while using two-dimensional electrophoresis to study the regulation by glutamate of the phosphorylation of PKC substrates in hippocampal slices from immature rats (post-natal days 12-16) labelled with [ 32 P]phosphate. We observed a weak stimulation of the PKC substrates and a much stronger stimulation of an unknown protein, designated pp-H47 (69), which was subsequently identified as GFAP (70) .
Glutamate receptors are classified into ionotropic (consisting of ligand-gated ion channels) and metabotropic (coupled to second-messenger systems) (71) receptors. The effect of glutamate on GFAP phosphorylation was shown to occur via a metabotropic receptor since the highly selective metabotropic glutamate agonist, (1S,3R)-1-aminocyclopentane-1,3-dicarboxylic acid (1S,3R-ACPD), stimulated the reaction to the same extent as glutamate, while agonists of ionotropic glutamate receptors were ineffective (72) . This effect was shown to occur via a G protein since the stimulation was inhibited by pertussis toxin. Half maximal stimulation was achieved with 20 µM 1S,3R-ACPD. A typical autoradiograph illustrating the effect of glutamate and 1S,3R-ACPD on GFAP (55) and the phosphorylation sites in porcine GFAP determined with purified GFAP and exogenous kinases from Tsujimura et al. (54) . Note that serine 389 in rat GFAP is not phosphorylated (Leal R, unpublished data).
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phosphorylation is shown in Figure 3 . The glutamate response was only observed in the presence of Ca 2+ in the medium and was absent in slices prepared from adult hippocampus. At first, this need for Ca 2+ was not surprising since we had previously observed that the basal phosphorylation of GFAP in adult slices is completely dependent on external Ca 2+ . However, in immature slices we later found that external Ca 2+ partially inhibits the incorporation of [ 32 P]phosphate into GFAP (73) . This inhibition starts at a low Ca 2+ concentration and reaches a plateau of about 50% inhibition at 1 mM Ca 2+ . During the subsequent ontogenetic development the phosphorylation system gradually becomes dependent on external Ca 2+ (Figure 4 ). For these contrasting effects of Ca 2+ on GFAP phosphorylation to occur the cation has to cross the cell membrane. This was shown by the use of Ca 2+ channel blockers, which in the presence of external Ca 2+ increased GFAP phosphorylation in immature slices and inhibited it in adult slices (73) . Furthermore, the rates of GFAP phosphorylation in immature slices in the absence of external Ca 2+ compared with those obtained in the presence of glutamate plus Ca 2+ were found to be equal ( Figure 5) . Moreover, the effects of Ca 2+ -lack and Ca 2+ -lack plus glutamate were also not significantly different. These results suggest that glutamate was acting through an unknown mechanism to reverse the inhibitory effect of Ca 2+ on the phosphorylation reaction.
Nature of the astrocytic metabotropic glutamate receptor involved in the control of GFAP phosphorylation in immature slices The family of mGluRs comprises 8 subtypes divided into three groups according to the extent of amino acid homology, agonist sensitivity and associated signal transduction mechanisms (78) . All mGluRs are coupled to G proteins and either regulate the hydrolysis of phosphoinositides (group I, mGluRs1,5) or the synthesis of cyclic AMP (group II, mGluRs2,3, and group III, mGluRs4,6-8) ( Table 1 ). Agonists of mGluRs include the highly selective 1S,3R-ACPD, and L(+)-2-amino-4-phosphonobutyric acid (L-AP4) and the mixed agonists quisqualate and ibotenate. Quisqualate exhibits preference for group I, 1S,3R-ACPD for group II and L-AP4 for group III (Table 1 ; Refs. [79] [80] [81] .
Two mGluR subtypes have been unequivocally detected in astrocytes. One of them is a group I receptor since specific mGluR agonists release Ca 2+ from internal stores in astrocyte cultures (82) and in astrocytes of hippocampal slices in situ (23, 83) through the hydrolysis of phosphatidylinositol and the generation of the Ca 2+ -releasing agent inositol trisphosphate (IP3). This response is apparently due to mGluR5 since high immunoreactivity to this receptor was demonstrated in hippocampal astrocytes in situ (84) . The other receptor belongs to group II and has been tentatively identified as mGluR3. Antibody immunocytochemistry and in situ hybridization for this mGluR showed that it is abundantly expressed in glial cells (85) .
Our evidence strongly points to mGluR3 as the receptor responsible for the control of GFAP phosphorylation in immature slices. In a study on the efficacy of a series of mGluR agonists we found that 1S,3R-ACPD was significantly (P<0.01) more effective than quisqualate in stimulating phosphorylation, suggesting a group II receptor which, from the immunocytochemical evidence cited above, is most likely to be mGluR3 (Wofchuk ST and Rodnight R, unpublished data). However, this result does not exclude the contribution of a group I receptor since quisqualate was only 22% less effective than 1S,3R-ACPD. We therefore tested the effect of an inhibitor of phosphatidylinositol-specific phospholipase C, the aminosteroid U73122 (86) . This compound had no effect on the stimulation of GFAP phosphorylation by 1S,3R-ACPD, although it effectively inhibited the generation of inositol phosphates from glutamate-stimulated phosphatidylinositol hydrolysis in astrocyte cultures. This result makes less likely the contribution of a group I mGluR to the phosphorylation response. Finally, group III mGluRs were excluded by showing that L-AP4 did not stimulate GFAP phosphorylation. (87) . Voltage-dependent Ca 2+ channels of the T and L types have been identified in astrocytes (87) . Our evidence suggests that in immature hippocampal slices Ca 2+ enters astrocytes through tonically active L-type channels, since entry (measured by a decrease in GFAP phosphorylation) was blocked by the L-type channel antagonist nifedipine (73) .
Primary cultures of astrocytes and astrocytes in situ (e.g., in hippocampal slices) express neurotransmitter receptors that trigger increases in internal Ca 2+ . These receptors include glutamate receptors (23, 83, (88) (89) (90) (91) and α 1 -adrenergic receptors (92) . Increases in internal Ca 2+ due to glutamate may be due to the activation of ionotropic receptors and Ca 2+ entry through a receptor channel or voltage-dependent channels, or activation of metabotropic receptors and the release of Ca 2+ from internal stores. In either case the Ca 2+ signal is propagated to adjacent cells through gap junctions in the form of waves (90, 91, (93) (94) (95) . As already mentioned, these glial calcium waves when initiated by glutamate released from neurons may constitute a mechanism for glia-to-neuron communication (20) (21) (22) 96) .
We initially considered that the Ca 2+ dependence of the stimulation of GFAP phosphorylation by glutamate might be due to an activating effect of the cation on the receptor. We viewed the receptor as one that either permitted Ca 2+ entry (i.e., ionotropic) or activated the release of Ca 2+ from internal stores (i.e., metabotropic). The increase in internal Ca 2+ was postulated to stimulate a Ca 2+ -dependent kinase associated with GFAP. This hypothesis was discredited when we discovered that 1) external Ca 2+ inhibited the basal incorporation of [ 32 P]phosphate into GFAP and that 2) the stimulation by glutamate is mediated by a group II mGluR which does not release internal Ca . The mechanism by which glutamate reverses the inhibitory effect of Ca 2+ on the reaction is uncertain, but is probably related to an inhibition of Ca 2+ entry through L-type channels. The inhibition of ion channels by G protein activation is a wellestablished phenomenon (97, 98) and recent studies have demonstrated a G protein-mediated inhibition of Ca 2+ currents through neuronal L-type channels by stimulation of group II mGluRs (99, 100) . Channel inhibition of this type is generally considered to be membrane delimited and independent of second (81) . Activation of these receptors inhibits forskolin-stimulated adenylyl cyclase activity, while in immature brain slices they increase basal and forskolin-stimulated cyclic AMP synthesis (116) Regulates cyclic AMP synthesis L-AP4 Expressed in retina messenger events involving cyclic AMP or PKC. Recent evidence suggests a direct effect on the channel due to diffusion of ßγ subunits released from the activated G protein heterotrimer (101) . The exact mechanism of the inhibitory effect of external Ca 2+ on basal GFAP phosphorylation is unknown, but is unlikely to be due to inhibition of a protein kinase; indeed the main two kinases phosphorylating GFAP in immature slices in the absence of Ca 2+ appear to be CaMK and PKA (59 and Leal R, Gonçalves CA and Rodnight R, unpublished data). A more viable hypothesis proposes that external Ca 2+ stimulates a Ca
2+
-dependent dephosphorylation event associated with GFAP, thus changing the dynamic equilibrium between phosphorylation and dephosphorylation and reducing the steady-state level of phosphate in the protein. These considerations led us to conduct a study on the enzymes involved in the dephosphorylation of GFAP.
Dephosphorylation of GFAP
Serine/threonine protein phosphatases (PPs) are classified into four groups designated types PP1, PP2A, PP2B and PP2C (102) . The activities of PP1 and PP2A are cationindependent, whereas that of PP2B (generally known as calcineurin) is dependent on Ca 2+ and calmodulin and that of PP2C on Mg 2+ . By using the specific inhibitors of PP1 and PP2A, okadaic acid and microcystin-LR, respectively, we showed that in cytoskeletal preparations and immature hippocampal slices the dephosphorylation of GFAP is catalyzed by PP1 (103) . No evidence for a direct Ca 2+ -dependent dephosphorylation of GFAP was found in this study. However, a highly specific inhibitor of calcineurin, the immunosuppressant FK506 (104) , increased GFAP phosphorylation in immature slices and astrocyte cultures in the presence of Ca 2+ , i.e., the drug reversed the inhibitory effect of external Ca 2+ on the phosphorylation reaction (Vinadé L and Rodnight R, unpublished data). This result strongly suggested the presence of calcineurin associated with GFAP in astrocytes, a somewhat surprising conclusion since several studies had failed to demonstrate the occurrence of the enzyme in glia by immunocytochemistry (105, 106) . However, we were able to confirm the FK506 result by immunoblotting using a monoclonal antibody to the ß-subunit of calcineurin. Applied to extracts of primary cultures of astrocytes the antibody revealed a low calcineurin content equivalent to one fiftieth of the content in hippocampal tissue (Vinadé L and Rodnight R, unpublished data). These data strongly suggest that calcineurin plays a role in the dephosphorylation of GFAP. Since we found no evidence for a direct Ca 2+ -dependent dephosphorylation of GFAP sites, the action of calcineurin probably occurs via the Ca 2+ -dependent enzyme cascade which is known to regulate PP1 in many tissues and which is involved in the phenomenon of long-term depression (107) . This cascade depends on the fact that in many cells type 1 phosphatases are inhibited by the phosphorylated form of the protein inhibitor-1 (108) , which in turn is dephosphorylated (and inactivated) by calcineurin. Thus, downregulation of calcineurin through inhibition of Ca 2+ entry or lack of external Ca 2+ would increase the inhibition by phospho-inhibitor-1 of the type 1 phosphatase associated with GFAP.
Discussion: hypothesis and perspectives
A hypothetical scheme to explain the action of glutamate agonists on the Ca 2+ -dependent phosphorylation of GFAP in immature slices is shown in Figure 6 . The scheme postulates that the activation of metabotropic glutamate receptors of the mGluR3 subtype inhibits L-type Ca 2+ channels and consequently down-regulates the Ca 2+ -dependent dephosphorylation of a putative inhibitor-1 protein, thus increasing the inhibition of PP1 and the phosphorylation state of GFAP. Note that even though one of the kinases associated with GFAP is a Ca 2+ /calmodulin-dependent enzyme, no effect of glutamate stimulation on the phosphorylation of GFAP is postulated since the activation of mGluR3 does not increase internal Ca 2+ . Basal CaMK activity might be due to a discrete pool of internal Ca 2+ or to the activity of autophosphorylated CaMK II which does not require Ca 2+ (109) . We are inclined to favor the latter interpretation since autophosphorylated CaMK II has been reported to occur in astrocyte cultures (60) . It is also necessary to point out that the scheme does not take into account the dynamic nature of the turnover of protein phosphate in GFAP. While phosphorylation of residues is considered to occur on the intact filaments, the substrates of the dephosphorylation reaction are presumably disassembled subunits (dimers or tetramers).
A necessary condition of the mechanism depicted in Figure 6 is the existence of closed intracellular compartments containing group II receptors, Ca 2+ channels and the enzymes involved in GFAP phosphorylation, to which internal Ca 2+ modulated by group I glutamate and other neurotransmitter receptors is inaccessible. Indeed membrane-delimited control of Ca 2+ entry by G protein subunits would require the receptors and channels to occur in close proximity. It is tempting to speculate that such compartmentation occurs principally in astrocyte processes where the GFAP filaments are situated close to the plasma membrane. Immature astrocytes in the rat hippocampus possess extensive processes (110) and depolymerization of their filaments can be envisaged as a prerequisite to the rounding up of the cells prior to mitosis. Localized Ca 2+ signalling has been proposed to explain the spatially separated phosphorylation of vimentin by CaMK II in astrocytes (58) .
Future work in this area will involve attempts to demonstrate aspects of the scheme in Figure 6 which remain uncertain. These are: 1) the proposed inhibition of Ca 2+ channels by a group II mGluR; and 2) the proposed presence of an inhibitor-1 protein in astrocytes. With regard to the first aspect, the inhibition of Ca 2+ channels has been demonstrated in neurons as cited above, but not yet in astrocytes. However, we know that a G protein is necessary for the glutamate-stimulated increase in GFAP phosphorylation since the effect was reversed by the G protein antagonist, pertussis toxin (72) , as was the inhibition of Ca 2+ currents in neurons by group II mGluRs (100). It is unlikely that primary astrocyte cultures will prove to be a useful model to investigate this problem since the expression of Ca 2+ channels in these cells is dependent on a neuronal environment (111) . Astrocytes co-cultured with neurons, confocal microscopy of astrocytes in situ and electrophysiology of acutely isolated astrocytes are possible approaches. In the case of the second aspect, we believe that the question of the occurrence of an inhibitor-1-like protein in hippocampal astrocytes remains open. The neuronal form of inhibitor-1 was not detected by immunocytochemistry in astrocytes (112) , but DARPP-32, a protein partly homologous to inhibitor-1 which also inhibits PP1 when phosphorylated, has been found in certain glial cells (113) . It is possible that immunoblotting (an approach which is more sensitive than immunocytochemistry) will provide more information.
The functional significance of the regulation of GFAP phosphorylation by glutamate in the immature hippocampus may be related to the narrow developmental window when the glutamate response is present. In the rat brain this window corresponds to the period of massive synaptogenesis during which astrocytes are known to proliferate. We have therefore speculated that glutamate released from developing synapses during this period may signal an increase in the phosphorylation state of GFAP and a consequent increase in the number of mitotic astrocytes (72) . During subsequent development our evidence suggests that control by glutamate of GFAP phosphorylation and expression of the Ca 2+ -dependent dephosphorylation mechanism declines and that this control is absent in the adult hippocampus when astrocytes normally remain in interphase. A paper by Evans (114) reporting a Ca 2+ -dependent dephosphorylation of vimentin by cytosol prepared from mitotically selected cells, which was absent in cytosol from interphase cells, is particularly relevant to this hypothesis.
